Tissue Doppler-derived myocardial acceleration for evaluation of left ventricular diastolic function  by Hashimoto, Ikuo et al.
T
f
I
C
D
P
E
d
h
m
m
m
h
a
v
p
w
(
t
a
T
s
t
O
fi
r
a
S
I
S
a
Journal of the American College of Cardiology Vol. 44, No. 7, 2004
© 2004 by the American College of Cardiology Foundation ISSN 0735-1097/04/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2004.06.067issue Doppler-Derived Myocardial Acceleration
or Evaluation of Left Ventricular Diastolic Function
kuo Hashimoto, MD,* Aarti Hejmadi Bhat, MD,* Xiaokui Li, MD,* Michael Jones, MD,†
rispin H. Davies, MD,* Julia C. Swanson, BS,* Sebastian T. Schindera, MD,*
avid J. Sahn, MD, MACC*
ortland, Oregon; and Bethesda, Maryland
OBJECTIVES Our purpose was to evaluate a tissue Doppler-based index—peak myocardial acceleration
(pACC)—during isovolumic relaxation and in evaluating left ventricular (LV) diastolic
function.
BACKGROUND Simple, practical indexes for diastolic function evaluation are lacking, but are much desired for
clinical evaluation.
METHODS We examined eight sheep by using tissue Doppler ultrasound images obtained in the apical
four-chamber views to evaluate mitral valve annular velocity at the septum and LV wall. The
pACC thus derived was analyzed during isovolumic relaxation (IVRT) and during the LV
filling period (LVFP). We then changed the hemodynamic status of each animal by blood
administration, dobutamine, and metoprolol infusion. We compared the pACC values during
IVRT and LVFP over the four different hemodynamic conditions with a peak rate of drop
in LV pressure (dP/dtmin) and the time constant of LV isovolumic pressure decay (tau), as
measured with a high-frequency manometer-tipped catheter.
RESULTS The pACC of the septal side of the mitral valve annulus during IVRT showed a good
correlation with dP/dtmin (r  0.80, p  0.0001) and tau (r  0.87, p  0.0001). The
mean left atrial pressure (LAP) correlated well with the septal side pACC during LVFP (r 
0.81, p  0.0001). There was a weak correlation between the mitral valve annulus pACC at
the LV lateral wall and mean LAP.
CONCLUSIONS The pACC during IVRT is a sensitive, preload-independent marker for evaluation of LV
diastolic function. In addition, pACC during LVFP correlated well with mean LAP. (J Am
Coll Cardiol 2004;44:1459–66) © 2004 by the American College of Cardiology Foundationfi
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avaluation and recognition of left ventricular (LV) diastolic
ysfunction is important for managing patients with serious
eart failure (1). Unlike systolic dysfunction, a simple
ethod for evaluating diastolic dysfunction is elusive, and
ost methods are difficult to understand because not only
yocardial compliance but also several other factors, such as
eart rate, LV diastolic suction, left atrial pressure (LAP),
nd left atrial contraction, among others, are related to
entricular diastolic function (2,3).
Tissue Doppler imaging (TDI) has been reported to be a
owerful modality that enables assessment of ventricular
all motion with a high temporal and spatial resolution
4–7). Measurement of mitral annulus displacement along
he LV long axis has been proposed as a method for
ssessment of LV systolic and diastolic function (8–10).
he early diastolic mitral valve annular velocity (Ea) ob-
erved by TDI is related to LV diastolic function and tends
o decrease with impaired myocardial relaxation (8,9,11,12).
n the other hand, it is well known that the elevation of LV
lling pressure accelerates the velocity of transmitral early
apid filling (E) (8,13). Therefore, several investigators have
lready reported that E/Ea has a strong correlation with LV
From the *Clinical Care Center for Congenital Heart Disease, Oregon Health and
cience University, Portland, Oregon; and †National Heart, Lung, and Blood
nstitute, Bethesda, Maryland. Dr. Sahn is an occasional consultant to GE Medical
ystems, but this relationship has had no effect on this study.
Manuscript received December 1, 2003; revised manuscript received June 23, 2004,Tccepted June 29, 2004.lling pressure (3,13,14). Noninvasive estimation of filling
ressure is also important for management of patients with
eart failure. However, E and Ea waves need to be measured
eparately, and so the measurement is cumbersome.
Recently, ultrasound-derived myocardial acceleration
ACC) during isovolumic contraction has been reported to
e a good index for evaluation of ventricular function (15).
e and others (15,16) have shown that peak ACC (pACC)
uring systole was related to myocardial contractility, espe-
ially for the period of acceleration during isovolumic
ontraction. Although the forces affecting pACC must be
ore complex during diastole, the peak acceleration during
he isovolumic relaxation time (IVRT) could relate to active
r passive release of torsion, and the peak acceleration
uring diastolic filling could be related to LV filling
ressure.
The purpose of our present study was to assess the
easibility of using both of these pACC measurements for
valuating LV diastolic function in an animal model.
ETHODS
xperimental preparation. Eight sheep (weight 35 to 47
g [mean 40.1  4.2 kg]) were studied. All sheep under-
ent thoracotomy under general anesthesia induced with
ntravenous sodium pentobarbital (25 mg/kg body weight)
nd maintained by using 1% to 2% isoflurane with oxygen.
he sheep were intubated and ventilated with a volume-
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Evaluation of Myocardial Acceleration October 6, 2004:1459–66ycle respirator. An electrocardiogram was monitored from
limb lead. Intracavity manometer-tipped catheters (model
PC-350, Millar Instruments, Inc., Houston, Texas) were
laced in the LV through a carotid artery and in the left
trium via the appendage, respectively, for pressure record-
ng. Peak rate of drop in LV pressure (dP/dtmin) was
btained from the first derivative of pressure curve of the
V. The time constant of LV isovolumic pressure decay
tau) was also measured according to the method proposed
y Weiss et al. (17). Both dP/dtmin and tau were used for
he evaluation of global diastolic function (18–21). Another
atheter was positioned in the femoral artery to monitor
ystemic arterial pressure and blood gas. These catheters
ere interfaced with a physiologic recorder (ES 2000,
ould Medical Products Division, Oxnard, California) with
fluid-filled pressure transducer (model PD231D, Gould
edical Products Division). Two electromagnetic flow
robes (model EP455, Carolina Medical, Inc., King, North
arolina) were placed: one around the skeletonized ascend-
ng aorta distal to the coronary ostia and proximal to the
ronchiocephalic trunk and the second around the pulmo-
ary artery just above the pulmonary valve to measure
ardiac output. Both flow probes were connected to flow
eters (model FM501, Carolina Medical Electronics) and
nterfaced to the same physiologic recorder (ES 2000,
ould) that was used for pressure recording. All hemody-
amic data were recorded at a paper speed of 250 mm/s.
our consecutive cardiac cycles were analyzed for each
emodynamic determination. All operative and animal
anagement procedures were approved by the Animal Care
nd Use Committee of the National Heart, Lung, and
lood Institute, National Institutes of Health, Bethesda,
aryland.
xperimental protocol. Baseline, volume loading, and do-
utamine and metoprolol infusion were used to produce a
otal of four different hemodynamic conditions for each
nimal. After a baseline recording, 500 ml blood was
nfused slowly, then intravenous dobutamine (2 to 10
g/kg/min) and 5 mg metoprolol were administered at least
h after the previous stage. All of the hemodynamic and
yocardial velocity data (described subsequently) were ac-
uired simultaneously at each hemodynamic stage with
ransient suspension of ventilation for the short period of
Abbreviations and Acronyms
ACC  myocardial acceleration
IVRT  isovolumic relaxation time
IVS  interventricular septum
LAP  left atrial pressure
LV  left ventricle/ventricular
LVFP  left ventricular filling period
pACC  peak myocardial acceleration
tau  time constant of LV isovolumic pressure decay
TDI  tissue Doppler imagingata acquisition. cchocardiographic analysis. We used a Vivid FiVe digital
ltrasound system (GE/VingMed Ultrasound, Horten, Nor-
ay) for this study. Scanning was performed longitudinally
rom the apex to acquire an apical four-chamber view with a
.0-MHz phased-array transducer. The TDI sector angle was
imited to that required to encompass the LV cavity and walls,
nd the line density and packet size were adjusted for smooth,
igure 1. Representative tissue velocity and myocardial acceleration of the
eptal mitral valve annulus and synchronized waveforms of LV pressure
LVP) and left atrial pressure (LAP). Early diastolic annular velocity (Ea)
nd late diastolic annular velocity (Aa) were noted in velocity curve 1-A.
efinite positive peaks for myocardial acceleration were noted during
sovolumic relaxation time (IVRT) (●), and a negative peak for acceleration
t the beginning of the left ventricular filling period () was also noted
orresponding to the Ea wave in ACC curve 1-B. The LVP and LAP were
isplayed together (1-C), and the difference between LAP and LVP was
hown in 1-D. The derivative of LV pressure (dLVp/dt) was also displayed
n 1-E. The derivative of the difference between LAP and LVP was
alculated and displayed in 1-F. ECG  electrocardiogram.onsistent data with the maximized frame rate. The TDI data
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October 6, 2004:1459–66 Evaluation of Myocardial Accelerationf septal and lateral mitral valve annulus were acquired with a
ulse repetition frequency from 1.0 to 4.5 kHz and a frame rate
arying from 80 to 130 frames/s, as maximized as possible. To
etain the same sampling region, an autotracking technique
as used for all measurements. Setting of autotracking for each
ampling point was carefully performed so as not to deviate
rom the wall zone.
Autotracking is a newly developed modality that allows
emiautomatic correction of sampling position, tracking
pecific tissue speckles throughout the heart cycle. With
hese settings, no aliasing of velocities was encountered. The
DI data for the two-dimensional images for two to three
ycles for each stage were stored on magnetic optical disk,
ith subsequent off-line analysis of scan-line digital data.
ptimized TDI data for the two-dimensional images of the
eart for each stage were analyzed using the EchoPac 6.3
archiving application software of Vivid FiVe). This soft-
are allowed us to evaluate several different locations of
issue velocity simultaneously and display velocity-time
elationship curves for each.
After obtaining frame-by-frame velocity values, myocar-
ial velocity acceleration was calculated as the difference
etween two sequential velocities divided by frame-by-
rame time interval. The interval for calculation was consis-
igure 2. Two-dimensional myocardial acceleration map during IVRT (uppe
Table 1. Hemodynamic Parameters in Each C
Baseline
Cardiac output (l/min) 1.62  0.47
Heart rate (beats/min) 100  12
LVEDP (mm Hg) 12.1  4.2
Mean LAP (mm Hg) 9.9  2.9
dP/dtmin (mm Hg/s) 1,083  183 
Tau (ms) 47.5  6.1
*p  0.05 compared with baseline. †p  0.005 compared w
LAP  left atrial pressure; LVEDP  left ventricula
relaxation.VS are shown (right) in the baseline condition (LAP of 9 mm Hg). MAP  meently set from 20 to 25 ms, averaging consecutive two to
hree velocity determinations. Acceleration curves were
btained from each calculation (Fig. 1). Acceleration curves
howed positive peaks during IVRT and a negative peak
orresponding to Ea. The IVRT was also determined by
pening the mitral valve on the simultaneous cine loop. We
easured pACC during IVRT and LV filling period
LVFP) and compared these values with mean LAP or
ressure-derived peak dP/dt in the present study.
nterobserver variability. The interobserver variability was
ested in 10 randomly selected datasets from four sheep
easured at different times from digital recordings by two
eparate observers, each without knowledge of the other’s
easurement.
tatistics. All data are expressed as the mean value  SD.
ne-way repeat measures analysis of variance was performed
o compare ACC between four different hemodynamic condi-
ions, and Dunnett’s method was used for the post-hoc test.
inear regression analysis was used for comparison between
eak ACC and mean LAP and peak dP/dt as a hemodynamic
arameter. All statistical analyses were performed using Stat-
iew version 5.01 (SAS Institute, Cary, North Carolina). A p
alue 0.05 was regarded as significant.
) and during LVFP (lower left). The tissue velocity and ACC waveform for
ion
ood
ading Dobutamine Metoprolol
 0.48* 2.0  0.48 1.54 0.24
 6 142  25* 81  8*
 6.2 11.1  5.9 15.3 2.1
 2.9† 9.1  2.8* 10.7 2.3
 137* 1,391  295* 667  277*
 7.5 40.0  9.6* 56.2 4.5*
seline. Data are presented as the mean value  SD.
diastolic pressure; tau  time constant for left ventricularr leftondit
Bl
Lo
2.2
106
16.2
13.8
1,290
44.0
ith ba
r end-an atrial pressure; MV  mitral valve; other abbreviations as in Figure 1.
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hange in hemodynamics during study. Table 1 shows
he hemodynamics related to each stage. From baseline,
ardiac output significantly increased from 1.62  0.47
/min to 2.2  0.48 l/min by blood loading and to 2.0 
.48 l/min by dobutamine infusion. The heart rate also
ignificantly changed from 100 12 beats/min to 142 25
eats/min by dobutamine infusion. Left ventricular end-
iastolic pressure did not show a statistically significant
hange between stages. However, LAP significantly in-
reased from 9.9  2.9 mm Hg to 13.8  2.9 mm Hg by
lood loading (p  0.005) and decreased to 9.1  2.8 mm
g by dobutamine infusion (p 0.05). ThedP/dtmin also
ignificantly changed in each hemodynamic condition (p 
.05). Metoprolol significantly decreased dP/dtmin com-
ared with baseline (p  0.05), but the LAP change with
etoprolol was not significant. Tau showed a significant
hange with dobutamine and metoprolol infusion (p 
.05).
igure 3. A myocardial acceleration map during IVRT (left upper column
bbreviations as in Figures 1 and 2.
Table 2. Correlation Coefficients (r) Between E
Variables Mean
E, septal (cm/s) 3.9 
E, lateral (cm/s) 4.3 
A, septal (cm/s) 7.4 
A, lateral (cm/s) 6.8 
E/A ratio, septal 0.99 
E/A ratio, lateral 0.64 
pACC during IVRT, septal (cm/s2) 104.8 
pACC during IVRT, lateral (cm/s2) 83.4 
pACC during LVFP, septal (cm/s2) 131.5 
pACC during LVFP, lateral (cm/s2) 116.2 
*p  0.05. †p  0.005. ‡p  0.0001.
IVRT  isovolumic relaxation time; LVFP  left ventabbreviations as in Table 1.elation of ACC curves to hemodynamics. Figure 1
hows a representative tissue velocity for the septal side of
he mitral valve annulus (1-A) and ACC curves (1-B) in
he baseline condition. Synchronized waveforms of LV
nd atrial pressure (LVP and LAP, 1-C), the difference
etween LAP and LVP (LAP  LVP, 1-D), derivative
f LVP (1-E), and derivative of (LAP  LVP) (1-F) are
isplayed. In velocity curve 1-A, distinctive Ea and early
iastolic annular velocity (Aa) waves are noted during
VFP. The ACC curve 1-B showed a definite positive
eak wave (closed circle) during IVRT and subsequent
egative peak wave (*) corresponding to the Ea wave
uring LVFP. The pressure difference between LAP and
VP (1-D) showed two peaks corresponding to Ea and
a during LVFP. The derivative curve from LAP  LVP
Fig. 1, 1-F), atrial contraction yielded a definite sharp
eak (closed arrow), and this peak preceded acceleration
f the Aa wave (open circle).
orrelation between pACC and mean LAP. Figure 2
hows an ACC map of the interventricular septum (IVS)
during LVFP (left lower column) in blood loading (LAP of 18 mm Hg).
Variable and LAP, dP/dtmin, or Tau
LAP dP/dtmin Tau
0.43 0.58† 0.71†
0.29 0.19 0.22
0.19 0.62† 0.48*
0.15 0.54* 0.50*
0.33 0.08 0.04
0.08 0.48 0.24
0.18 0.80‡ 0.87‡
0.17 0.54* 0.67†
0.81‡ 0.30 0.36
0.52* 0.10 0.29
filling period; pACC  peak myocardial acceleration; other) andach
 SD
2.1
1.9
3.0
3.7
0.82
0.28
49.6
40.6
62.5
54.8
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October 6, 2004:1459–66 Evaluation of Myocardial Accelerationuring IVRT (left upper column) and during LVFP (left
ower column), as well as tissue velocity and ACC
aveform (right column) in the baseline condition (LAP
f 9 mm Hg). The ACC was calculated from tissue
elocity and displayed as a red gradient superimposed on
he myocardial image. During IVRT, the IVS was coded
ith red, but the LV free wall was not stained as much.
uring LVFP, both the IVS and free wall were coded
ed. Septal pACC showed 69.5 cm/s2 during IVRT and
9.2 cm/s2 during LVFP. On the other hand, IVS
isplayed a red code after blood loading during LVFP
igure 4. Relationship of septal peak myocardial acceleration (pACC) (
dP/dtmin (middle), and tau (right) in all experimental stages (n  32).LAP of 18 mm Hg) (Fig. 3). The acceleration curve also phowed increasing negative peak during LVFP (252.3
m/s2). However, the ACC curve did not show a signif-
cant change during the IVRT (97.7 cm/s2).
Table 2 shows the correlation between LAP, pressure-
erived dP/dtmin, or tau and other variables. Only peak
CC during LVFP showed a significant correlation be-
ween LAP (septum: r  0.81, p  0.0001, lateral wall: r
0.52, p  0.05) (Figs. 4A and 4B). In contrast, the
ACC of IVS during IVRT showed a strong correlation
ith peak negative dP/dt (r  0.80, p  0.0001) and tau
r  0.87, p  0.0001) (Figs. 5A and 5B). However, the
d left ventricular lateral pACC (B) during LVFP to mean LAP (left),
viations as in Figure 1.A) an
AbbreACC during LVFP did not correlate with either dP/
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Evaluation of Myocardial Acceleration October 6, 2004:1459–66tmin or tau. Therefore, mean LAP significantly correlated
ith peak ACC during LVFP but did not correlate with
ACC during IVRT in either the IVS or lateral wall.
Table 3 shows the alteration of TDI variables with
emodynamic changes. Septal ACC during LVFP was
ignificantly increased from 117  43.5 cm/s to 209.1 
7.3 cm/s by blood loading (p  0.05). Lateral pACC also
ncreased by blood loading, but the change was not statis-
ically significant. Neither dobutamine nor metoprolol sig-
ificantly changed pACC during LVFP. The pACC during
VRT changed in response to each hemodynamic condition,
ut the changes were not statistically significant. The E
ave of the septum was changed significantly by blood
igure 5. Relationship of septal pACC (A) and LV lateral pACC (B) d
xperimental stage (n  32). Abbreviations as in Figures 1 and 4.oading and dobutamine infusion (blood loading: p  0.05; Tobutamine infusion: p 0.05). The pACC of the IVS was
ignificantly larger than that of the LV wall both during
VRT (p  0.005) and LVFP (p  0.05).
nterobserver variability. The linear regression between
wo observers (Drs. Hashimoto and Li) for the measure-
ent of pACC showed very good reproducibility for IVRT
r  0.97, p  0.0001) as well as for LVFP (r  0.96, p 
.0001).
ISCUSSION
his is the first investigation to examine the feasibility and
tility of using TDI velocity-derived myocardial acceleration
etermination for the evaluation of LV diastolic function.
IVRT to mean LAP (left), dP/dtmin (middle), and tau (right) in alluringissue Doppler acceleration imaging is a new measurement
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October 6, 2004:1459–66 Evaluation of Myocardial Accelerationased on TDI and obtained from a derivative of tissue velocity.
igh temporal and spatial resolution makes it possible to
isplay and detect intramural abnormal rhythm conduction in
he heart, and acceleration mapping has been used for detec-
ion of the pre-excitation region in patients with Wolff-
arkinson-White syndrome (22,23). However, the feasibility
f studying myocardial acceleration has not been studied as a
se for evaluating ventricular diastolic function. Myocardial
cceleration and the rate of change of ventricular cavity
ressure (dP/dt), which have been used as indexes of contrac-
ility or relaxation, show parallel alterations, because intracavity
ressure change is caused by myocardial contraction or relax-
tion, especially during isovolumic periods. Vogel et al. (15)
eported that myocardial acceleration during isovolumic con-
raction time was a good index for evaluation of right ventric-
lar contraction and was less preload and afterload dependent
han other indexes.
The behavior of pACC was different, however, during
VRT and LVFP, as shown in our data. The pACC during
eptal IVRT correlated with both pressure-derived dP/
tmin and tau but did not correlate with mean LAP. In
ontrast, pACC during LVFP correlated with mean LAP
ut did not correlate with either dP/dtmin or tau. We
bserved that peak d(LAP  LVP)/dt induced by atrial
ontraction preceded the pACC caused by atrial myocardial
ontraction. The pressure gradient between LV and LA
uring the filling period therefore affects LV wall motion
nd may be correlated with myocardial acceleration during
he filling period.
stimation of mean LAP. A number of methods have
een developed for estimation of mean LAP. Several studies
ave reported that conventional mitral flow had a weak
orrelation with LAP, but related better to LAP when
orrected for the influence of LV relaxation (3,11,13,14).
he Ea wave of the mitral valve annulus and flow propaga-
ion velocity are relatively less preload dependent and are
ood indexes of LV relaxation and used for correction of the
wave (E/Ea) (11). Ommen et al. (3) reported that there
emained significant scatter with E/Ea for estimation of
AP, particularly with intermediate values of E/Ea. Nagueh
Table 3. Alteration of Each Variable With He
Baseline
E, septal (cm/s) 3.2  1.8
E, lateral (cm/s) 3.1  1.1
A, septal (cm/s) 6.6  2.9
A, lateral (cm/s) 5.0  2.9
E/A ratio, septal 0.57 0.2
E/A ratio, lateral 0.74 0.5
pACC during IVRT, septal (cm/s2) 109.9  33
pACC during IVRT, lateral (cm/s2) 87.0  47
pACC during LVFP, septal (cm/s2) 117  43
pACC during LVFP, lateral (cm/s2) 94.4  48
*p  0.05 compared with baseline. †p  0.005 compared w
Abbreviations as in Table 2.t al. (24) reported that Ea correlated well with the maximal aransmitral pressure gradient, but lost influence of filling
ressure once LV relaxation was impaired. The pACC may
e related to LV relaxation or elastic recoil and could be
ncreased when responding to preload elevation, as long as
V relaxation was maintained. However, the relationship
etween pACC and preload when metoprolol was admin-
strated was not examined as effectively in the present study
ecause LAP did not change significantly. To get the wider
ange of LAP values, we probably would have needed to
dminister more blood volume than 500 ml.
ifference of ACC between IVS and LV lateral wall.
here was a significant difference in the pACC patterns
etween the IVS and LV lateral wall. The pACC values for
he IVS were consistently larger than those for the LV
ateral wall in the present study. Also, the pACC of the IVS
orrelated well with hemodynamic data on mean LAP,
ressure-derived dP/dtmin, and tau. However, the corre-
ation between the pACC of the LV lateral wall and these
ame hemodynamic data was weaker. Ommen et al. (3) also
ndicated that measurement of the medial annulus was more
ensitive and demonstrated a better correlation with LV
lling pressure than did measurement of the lateral annulus.
s Rodriguez et al. (8) described, the mitral annular ring
otion has a complex three-dimensional pattern with lon-
itudinal, rotational, and sphincter-like motion. However,
onofrio et al. (25) analyzed regional wall motion using
hree-dimensional magnetic resonance imaging and found
hat heterogeneity of septal strain was less than that of other
V wall segments. Moore et al. (26) also described that
adial and circumferential IVS displacements were smaller
han those of other LV wall segments. From the histologic
oint of view, the IVS is formed by three muscle strata. The
iddle and left-sided layers, which consist of the fibers of
he ascending and descending bundles, respectively, may
lay a more important role in longitudinal ventricular
ontraction and relaxation (27). The basal loop of the right
nd left segments, which correspond to the LV or RV lateral
all, contribute to circumferential narrowing or widening of
entricle and would be less well characterized by the method
ynamic Changes
Blood
Loading Dobutamine Metoprolol
5.8 2.0* 6.3  3.2* 2.1 1.1
5.4 2.3* 4.1  1.7 3.8 1.7
8.4 2.4 9.3  2.5* 3.8 1.8*
8.4 2.4 11.0  4.7† 3.5  2.2
0.86 0.15 0.59  0.31 0.84 0.31
1.0 0.6* 0.53  0.35 1.54 1.16*
106.2 30.9 143.1 65.6 70.2  29.8
93.2 38.0 100.1  40.6 59.9  30.3
209.1 47.3* 118.9 63.3 100.9 47.8
153.6 80.2 125.6 40.5 100.1 43.6
seline. Data are presented as the mean value  SD.mod
3
6
.2
.3
.5
.0
ith band views we used. Further anatomic knowledge about these
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Evaluation of Myocardial Acceleration October 6, 2004:1459–66spects of cardiac anatomy and physiology may also clarify
ur findings in the future.
The sampling rate is an important scanning parameter for
his technique. The sampling rate we used for this study was
rom 80 to 130 frames/s. The sampling interval became 7.6
o 12.5 ms. The normal IVRT is about 40 to 50 ms. In this
etting, we could get three to five sampling points during
VRT. Ideally, more than five points would be desirable for
alculation of acceleration. However, with an increasing
ampling rate, we cannot ignore the influence of random
oise contained in TDI sampling data. A high sampling rate
ay augment noise on the acceleration curve. To cancel out
his random noise, TDI sampling data can be averaged over
wo to three beats. However, averaging of serial beats may
roaden peaks and troughs. The sampling rate required to
ccurately make these measurement depends on image
uality, the range of values, and the processing method and
as not yet been definitively established.
onclusions. In our study, we showed that the pACC of
he septum correlated withdP/dtmin, as well as tau, during
VRT, indicating the dominant role of LV relaxation or
assive recoil in this cardiac phase. During LVFP, the
ACC of the septum correlated much better with the mean
AP than dP/dtmin or tau, indicating that the pressure
radient between LA and LV and atrial contraction are
ominant factors during this period. The septal wall seems
o reflect these parameters much more closely than the
ateral wall. Use of those indexes, especially for determining
easurements of septal acceleration, may simplify the ap-
roach to evaluation of diastolic function.
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